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(g) Pneumatic safety tyre. 

(57) A pneumatic tyre which comprises sidewalls 
(4) each provided axialiy inside a carcass (6) 
with an inside sidewail rubber layer (10), the 
inside sidewail rubber layer (10) extending ra- 
dially inwardly to a bead portion (3) and radially 
outwardly into a tread portion (5) along the 
convexiy curved inner surf ace of the carcass 
(6), the sidewail thickness (TA) in a region (S) 
being substantially constant and smaller than 
the bead thickness (TC) at a contacting point C, 
the region S being defined as extending be- 
tween the maximum width point (A) at which the 
maximum width of the tyre lies and the 65% 
height point (B) located at a 65% height (HB) of 
the tyre section height (H) t the contacting point 
(C) being defined as the point at which the outer 
surface of the tyre starts to contact the radially 
outer edge of a rim flange (RF). 



00 
CD 

m 
m 



UJ 



•I 




Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 545 681 A1 



The present invention relates to a pneumatic tyre, more particularly a run flat tyre of which run flat per- 
formance is improved without sacrificing high speed durability and steering stability so as to run safely for a 
long distance. 

In order to provide run-flat performance for a tyre, various structures, for example, a solid elastic member, 
5 an inflatable structure to form an independent air chamber and the like, have been proposed as a load support 
member disposed in the tyre main body. 

Such structures are however, not usable especially in a high performance tyre because the tyre and wheel 
assembly weight is greatly increased and thereby high speed running performance is greatly deteriorated. 
Therefore, in USP 5,058,646, another proposition was made, wherein in order to prevent the tyre from be- 
10 ing dislocated from the rim under deflated conditions, the tyre is provided with a radially inwardly protruding 
bead toe, and the rim is provided with a groove engaging with the bead toe. 

Owing to the provision of the bead toe, the thickness of the bead portion increases, and the bead rigidity 

is increased. 

On the other hand, to increase the sidewali rigidity and to thereby to improve the load bearing ability of 
15 the sidewali portion under deflated condition, a crescent-shaped three-layered rubber structure of which the 
radially inner edge is terminated in the sidewali portion above the rim flange top, is disposed axially inside the 
carcass, and the sidewali thickness decreases from the maximum tyre section width point towards the tyre 
shoulder. 

Such a tyre is effective in providing run flat performance. 

20 In this system, however, mounting and demounting work is hard, and a rim specifically designed for the 

tyre must be used. Therefore, tyre users are restricted in their freedom of rim selection, which is commercially 
not preferable. It is preferable that a tyre can be mounted on a normal rim rather than on such a special rim. 

An object of the present invention is therefore, to provide a pneumatic safety tyre suitable for high speed 
sport use which is improved in run flat performance without sacrificing high speed running performance. 

25 Another object of the present invention is to provide a pneumatic safety tyre devoid of a special bead toe, 

which can be mounted on a normal rim. 

According to one aspect of the present invention, a pneumatic tyre comprises a tread portion, a pair of 
axially spaced bead portions, a pair of sidewalls extending between tread edges and the bead portions, a pair 
of bead cores disposed one in each bead portion, a carcass extending between the bead portions through 

30 the tread portion and sidewalls, and a belt disposed radially outside the carcass and extending across the tread 
width, characterised in that each sidewali is provided axially inside the carcass with an inside sidewali rubber 
layer (10), the inside sidewali rubber layer extending radially inwardly to the bead portion and radially outwardly 
into the tread portion along the convexly curved inner surface of the carcass, the total thickness of the tyre 
measured from the outer surface to the inner surface of the tyre being such that the total thickness (TA) is 

35 substantially constant in a region (S), defined as the region extending between a maximum width point (A) at 
which the width of the tyre is a maximum in the unloaded state, and a 65% height point (B) located at a 65% 
height (HB) of the tyre section height (H), each measured from the bead base line (b) in the unloaded state, 
the unloaded state being such that the tyre is mounted on its regular rim and inflated to its regular inner pressure 
but loaded with no tyre load, and that the total thickness (TC) measured at a contacting point C is larger than 

40 the total thickness (TA) in the region (S), the contacting point (C) being defined as the point at which the outer 
surface of the tyre starts to contact the radially outer edge of the flange of the regular rim in the unloaded 
state. 

An embodiment of the present invention will now be described in detail in conjunction with the accompa- 
nying drawings, in which: 
45 Fig.1 is a cross sectional view of a tyre according to the present invention; 

Fig.2 is a schematic cross sectional view of the tyre showing thicknesses at the specific points; 
Fig.3 is a schematic cross sectional view of the tyre showing the deflated state thereof; 
Fig.4 is a graph showing the relationship between the run flat performance and the temperature of the 
road surface. 

so In Fig.1 , a pneumatic safety tyre 1 of the present invention is designed for a high performance sport car, 

and the tyre size is 255/45ZR1 7. The tyre 1 is a run flat tyre to be mounted on an AH type rim (a humped rim) 
or a normal rim (no hump and no groove) as a regular rim R. 

The tyre 1 comprises a tread portion 5, a pair of axially spaced bead portions 3, a pair of sidewalls extending 
between the tread edges and the bead portions 3, a pair of bead cores 2 each disposed in each of the bead 
55 portions 3, a toroidal carcass 6 extending between the bead portions 3, and a belt disposed radially outside 
the carcass 6 and inside a rubber tread. 

The aspect ratio of the tyre 1 , namely, the ratio H/W of the tyre section height H to the maximum tyre width 
W is less than 0.5 (50%), in this embodiment 0.45 (45%). 
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The carcass 6 comprises two plies 6Aand 6B of cords extending between the bead portions 3 and turned 
up around the bead cores 2 from the axialiy inside to the outside thereof to form two turned up portions and 
a main portion. 

The carcass cords in each of the carcass plies 6A and 6B are arranged radially at an angle of 60 to 90 
5 degrees with respect to the tyre equator CO. 

For the carcass cords, steel cords or organic fibre cords, e.g. rayon, polyester, nylon, aromatic polyamide 

or the like can be used. 

in the sidewails 4, the carcass 6 is convexly curved, and the inner surface thereof is also convexly curved 
both outwards from the tyre air chamber. 
10 The belt in this embodiment comprises a breaker belt 7 and a band belt 8. 

The breaker belt 7 comprises a radially inner wide ply 7A disposed on the radially outside of the carcass 
6 and an radially outer narrow ply 7B disposed on the radially outside of the inner wide ply 7A, each extending 
across the entire width of the tread portion. 

Each of the belt plies 7A and 7B is composed of parallel cords laid at a relatively small angle with respect 

15 to the tyre equator CO so as to cross each other. 

For the breaker belt cords, steel cords or high elastic modulus organic cords, e.g. aromatic polyamide are 

used. 

It is possible to use relatively low elastic modulus organic cords, e.g. nylon, polyester, rayon or the like 
together with the above-mentioned high modulus cords. 
20 The band belt 8 comprises a radially inner ply 8A and a radially outer ply 8B. 

The inner ply 8A comprises a pair of axialiy spaced parts disposed on the radially outside of the breaker 

belt 7. 

Each part has an axialiy outer edge extending axialiy outwardly over one of the edges of the breaker belt 
7, and an axialiy inner edge terminated at an axial distance, from the tyre equator CO, of about 1 /4 of the tread 
25 width. 

The outer ply 8B extends across the entire width of the tread portion so as to cover the radially outer side 
of the inner ply 8A and a central part of the radially outer side of the belt layer 7, and the edge thereof are 
substantially aligned with the axialiy outer edges of the inner ply 8A. 

For the band belt cords, organic fibre cords, e.g. rayon, nylon, polyester or the like are used. 
30 In each tyre shoulder portion, a breaker cushion 9 made of a soft rubber compound is disposed between 

the edge of the breaker belt 7 and the carcass 6. 

In each of the sidewall portions 4, an inside sidewall rubber layer 10 is disposed on the inside of the carcass 
6, and an outside sidewall rubber layer 11 is disposed on the outside of the carcass 6. 

The outside sidewall rubber layer 11 has a JIS A hardness of 55 to 65. 
35 The inside sidewall rubber layer 1 0 decreases in thickness towards its radially inner and outer edges from 

its central part, and accordingly the cross sectional shape thereof is generally a crescent shape. 

The radially outer edge extends into the tread portion 5 axialiy inwardly beyond the belt edge and is ter- 
minated beneath the belt in the tread shoulder region 5A. 

The radially inner edge extends into the bead portion 3 and is terminated axialiy inside the bead core 2 
40 so as to increase the thickness of the bead portion and to thereby increase the bead rigidity. 

Under deflated conditions, the tyre sidewall 4 is liabie to be bent around the radially outer edge of its wheel 
rim flange RF, and accordingly a separation failure is liable to occur in such region. Therefore, the tyre thickness 
around the rim flange edge is increased to withstand such bending deformation. 

In this embodiment, the inside sidewall rubber layer 10 has a double-layered structure composed of an 
45 axialiy outer layer A2 in direct contact with the inside of the carcass and an axialiy inner layer A1 . 

As shown in Fig.1 , the axialiy outer layer A2 forms most of the inside sidewall rubber layer 1 0 and extends 
between the above-mentioned radially outer and inner edges the layer 10. 

In comparison with the axialiy outer layer A2, the axialiy inner layer A1 is soft and very thin. 

The axialiy inner layer A1 is disposed on the inner surface of the axialiy outer layer A2 so as to extend 
so between a position substantially corresponding to the radially outer edge of the bead apex in the radial direction 
and a position substantially corresponding to the axialiy outer edge of the belt in the axial direction and thereby 
to cover only the central part of the inner surface. 

The axialiy inner layer A1 has a JIS A hardness of 50 to 70 and a 1 00% modulus of 10 to 30 kgf/cm 2 , and 
the thickness thereof is about 1 mm. 
55 The axialiy outer layer A2 has a JIS A hardness of 70 to 90 and a 1 00% modulus of ,30 to 70 kgf/cm 2 . The 

axialiy outer layer A2 is harder than the outside sidewall rubber layer 11 . 

The inner layer A1 is disposed, in the region within which the compressive stress under run flat condition 
is greatest, in order to mitigate the compressive stress. The inner layer A2 prevents the inner surface from 
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being cracked and durability is improved. 

In the present invention, the total thickness of the tyre measured from the outer surface to the inner surface 

of the tyre is specifically defined. 

As shown in Fig.2, the total thickness TAof the sidewall portion 4 is substantially constant in a region S. 
5 Here, the region S is defined as extending between a point (A) and a point (B) on the outer surface of the 

tyre, where the point (A) is the maximum width point at which the maximum width (W) of the tyre lies in the 
unloaded state, of the tyre, and the point (B) is the 65% height point located at a 65% height (HB) of the tyre 
section height (H), each measured from the bead base line (b) under the unloaded state, in which the tyre is 
mounted on its regular rim R and inflated to its regular inner pressure but not loaded with a tyre load. 
10 The total thickness TC measured at a contact point C is larger than the total thickness TA in the region S. 

Here, the contact point C is the point at which the outer surface of the tyre starts to contact the radially 
outer edge of the rim flange RF of its regular rim R under the unloaded state. 

The total thickness TC at the contacting point C is in the range of 1 7 to 26 % of the tyre section height H. 
The total thickness TC is not less than 17 mm. 
15 The total thickness TA in the region S is in the range of 15 to 22 % of the tyre section height H. 

The total thickness TA is not less than 15 mm. 

From the maximum width point (A) to the contact point (C), the total thickness gradually increases. 

As a result the bending stress is dispersed and this minimises the bending deformation of the tyre sidewall, 
and so heat generation decreases and durability is improved. 
20 If the thickness TC is less than 1 7% of the height H and the thickness TA is less than 1 5% of the height 

H, the run flat performance is lowered. 

If the thickness TC is more than 26% of the height H and the thickness TA is more than 22% of the height 

H, the tyre weight increases and fuel consumption increases and further ride comfort is deteriorated. 

In each bead portion 3, an organic cord reinforcing layer 12 is disposed between the bead core 2 and the 
25 carcass 6 to avoid direct contact of the carcass cords with the bead core and thereby to prevent the carcass 
cords from being chafed or damaged by the bead core. 

Further, to increase the bead rigidity, each bead portion 3 is provided wit h a bead apex 1 3 made of a rubber 
compound having a Shore A hardness of 74 to 95, preferably 90 to 95. 

The bead apex 13 is disposed between the carcass main portion and each turned up portion so as to be 
30 wrapped in the above-mentioned organic cord reinforcing layer 12, and the bead apex extends radially out- 
wardly taperingly from the bead core 2 over the radially outer edge of the rim flange RF. 

The bead portion 3 is provided with a tapered bead bottom with a single taper angle, and not provided 
with any special radially inwardly extending bead toe. 

255/45ZR17 tyres having a tyre structure shown in Fig.1 and specifications given in Table 1 were made 

35 and tested as follows: 

A) Run flat test 

The test tyre was mounted on an AH type rim, and the tyre/rim assemblies were fitted to the four wheels 
40 of a sports car with a 5000 cc engine. 

In a punctured state simulated by decreasing the inner pressure of the tyre on one of the two driven wheels 
to zero, the test car was run on a test circuit course composed of straight courses and curved courses at a 
speed of 80 km/hr, and the running distance to tyre breakage was measured. The results are shown in Table 

I . It was confirmed that the working example tyres were greatly improved in run flat performance in compar- 

45 ison with the reference tyres. 

Further, the run flat performance of Working example tyre 1 was measured under different temperature 

conditions (the temperature of the road surface). 

The results are plotted on the graph in Fig.4. In Fig.4, the atmospheric temperature is also indicated, and 
each double circle mark means that the tyre was not broken. It was also confirmed from the test that the work- 
so ing example tyre 1 could run for a long distance under a high temperature condition. 

B) High speed durability test 

Using a drum, the running speed was increased every 20 minutes in steps of 1 0 km/hr from an initial speed 
55 of 250 km/hr, and the running time to breakage and the speed were measured. 
The test conditions were as follows: 
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Rim size 


10X17 


Pressure 


3.2 kgf/cm 2 


Tyre load 


463 kg 


Camber angle 


1 degree 



It was confirmed that working example tyres 1 and 2 had a good high speed durability. 
C) Manoeuvrability test 

The manoeuvrability under a normal tyre condition (not run flat condition) was evaluated by a test driver. 
The results are indicated in Table 1 by an index based on that Reference tyre 3 is 100. The larger the index, 
the better the result. 

It was confirmed that working example tyres 1 and 2 had a good high-speed manoeuvrability as well as 
a good run flat performance. 



TABLE 1 

20 



I 



■+ 

| Ref.l 



•+ 

| Ref.2 



Ex.1 



Ex. 2 



Sidewall rubber 
Inside layer (A2) 

JIS A hardness 
outside layer (11) 
JIS A hardness 


75 
59 


75 
59 


75 
59 


75 
59 


Bead apex rubber 
JIS A hardness 


93 


93 


93 


93 



| TA/H (%) 

+ 

TC/H (%) 



I 

I 



15 
17 



I 

I 



17 
22 



I 



I 



15 
15 



I 

I 



13.6 
10 



45 



Run flat running 
distance (km) *1 


260 


300 


67 


33 


High speed durability 


300kia/hr 
5 min 


3 00km/hr 
5 min 


290km/hr 
6 min 


320km/hr 
6 min 


Manoeu vr ab i 1 i ty 


100 


105 


100 


95 



*1) atmospheric temperature =20 degrees C 



Claims 

1. A pneumatic tyre comprising a tread portion (5), a pair of axially spaced bead portions (3), a pair of side- 
walls (4) extending between tread edges and the bead portions (3), a pair of bead cores (2) disposed one 
in each bead portion (3), a carcass (6) extending between the bead portions (3) through the tread portion 
and sidewalls (4), and a belt disposed radially outside the carcass (6) and extending across the tread 
width, characterised in that each said sidewall (4) is provided axially inside the carcass (6) with an inside 
sidewall rubber layer (10), the inside sidewall rubber layer (10) extending radially inwardly to the bead 
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portion (3) and radially outwardly into the tread portion along the convexly curved inner surface of the 
carcass (6), the total thickness of the tyre measured from the outer surface to the Inner surface of the 
tyre being such that the total thickness (TA) is substantially constant in a region (S), defined as the region 
extending between a maximum width point (A) at which the width of the tyre is a maximum in the unloaded 
state, and a 65% height point (B) located at a 65% height (HB) of the tyre section height (H), each meas- 
ured from the bead base line (b) in the unloaded state, the unloaded state being such that the tyre is 
mounted on its regular rim and inflated to Its regular inner pressure but loaded with no tyre load, and that 
the total thickness (TC) measured at a contacting point C is larger than said total thickness (TA) in the 
region (S), the contacting point (C) being defined as the point at which the outer surface of the tyre starts 
to contact the radially outer edge of the flange (RF) of the regular rim in the unloaded state. 

A tyre according to claim 1, characterised in that the total thickness (TC) at the contacting point (C) is in 
the range of 17 to 26 % of the tyre section height (H), and the total thickness (TA) in said region (S) is in 
the range of 15 to 22 % of the tyre section height (H). 

A tyre according to claim 1 or 2, characterised in that the total thickness (TC) at the contacting point (C) 
is not less than 17 mm, and the total thickness (TA) in the region (S) is not less than 15 mm. 

A tyre according to claim 1 2 or 3, characterised in that the inside sidewall rubber layer (10) comprises a 
rubber layer (A2) having a JIS A hardness of 70 to 90 and a 100% modulus of 30 to 70 kgf/cm 2 , and ex- 
tending from the bead portion into the tread portion. 

A tyre according to claim 4, characterised in that the inside sidewall rubber layer (10) further comprises 
a thin soft rubber layer (A1 ) having a JIS A hardness of 50 to 70 and a 1 00% modulus of 1 0 to 30 kgf/cm* 
disposed on the axially innersurface of said rubber layer (A2) so as to cover central part of the inner sur- 
face. 
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Fig. 2 
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